LB/TH/07/2026
TH6122

OPTIMIZING THE EFFECTIVENESS OF FAN GROUP
SETTINGS FOR LIFE EXTENSION AND LOAD
INCREMENT OF AGEING TRANSFORMERS

Don Tharindu Prathap Wijesuriya

208770B

Master of Science in Electrical Engineering

Department of Electrical Engineering

Faculty of Engineering

University of Moratuwa
Sri Lanka

April 2023


User
Typewritten Text
TH6122

User
Typewritten Text
LB/TH/07/2026


OPTIMIZING THE EFFECTIVENESS OF FAN GROUP
SETTINGS FOR LIFE EXTENSION AND LOAD
INCREMENT OF AGEING TRANSFORMERS

Don Tharindu Prathap Wijesuriya

208770B

Thesis/Dissertation submitted in partial fulfillment of the requirements for the degree

Master of Science in Electrical Engineering

Department of Electrical Engineering

Faculty of Engineering

University of Moratuwa
Sri Lanka

April 2023



DECLARATION

| declare that this is my own work and this thesis/dissertation does not incorporate
without acknowledgement any material previously submitted for a degree or diploma
in any other University or Institute of higher learning and to the best of my knowledge
and belief it does not contain any material previously published or written by another
person except where the acknowledgement is made in the text. | retain the right to use
this content in whole or part in future works (such as articles or books).

Signature: Date: 24/04/2024

The above candidate has carried out research for the PhD/MPhil/Masters
thesis/dissertation under my supervision. | confirm that the declaration made above by
the student is true and correct.

Name of Supervisor:

1. Dr. Rasara Samarasinghe
2. Dr. K.M Kapila Bandara

Signature of the Supervisor: Date:
L o 22/05/2024
22/05/2024


Rasara Samarasinghe
Rectangle

Rasara Samarasinghe
Rectangle

Rasara Samarasinghe
Typewriter
22/05/2024

Rasara Samarasinghe
Typewriter
22/05/2024


ACKNOWLEDGEMENT

I wish to convey my sincere gratitude to the individuals who have been pivotal in the
successful completion of this thesis.

First and foremost, | extend my heartfelt appreciation to Dr. Rasara Samarasinghe and
Dr. K.M. Kapila Bandara for their exceptional supervision and invaluable guidance,
without which this research would not have been possible.

I am deeply indebted to the lecturers of the Electrical Engineering Department at the
University of Moratuwa, who not only provided me with the theoretical foundation
but also offered unwavering support throughout the study, transforming theory into
practical and meaningful contributions.

I must also express my profound thanks to my colleagues at the Ceylon Electricity
Board. Their generosity in sharing their knowledge and their guidance during moments
of uncertainty have played a crucial role in the successful completion of this study.

To my fellow postgraduate program colleagues, your encouragement and support have
been a constant source of inspiration.

Lastly, but by no means least, | reserve my dearest thanks and a profound sense of
gratefulness for my family members - my father, mother, wife, and sister. Their
compassionate words and unwavering guidance have not only shaped this thesis but
also my vision to make a meaningful contribution to society and the world.

This work stands as a testament to the collective support and encouragement of these
wonderful individuals, and | am truly thankful for their presence on this journey.



ABSTRACT

This thesis aims to address the critical challenge of optimizing the operational lifespan
of aging transformers within the Sri Lankan Power System. Through a
multidisciplinary approach, incorporating mathematical modeling, environmental
analysis, and cost optimization techniques, a comprehensive framework for
transformer management is developed.

The primary objective of this research is to extend the operational life of aging
transformers while maximizing loading, and cost efficiency by adjusting cooling fan
group settings. To achieve this goal, the study begins by investigating the aging
process of transformers and identifying key factors influencing their lifespan.
Calculations are done to quantify the effects of temperature, moisture, and oxygen
exposure on transformer insulation aging. These findings are integrated into
mathematical models, which accurately predict transformer lifetimes based on
environmental conditions and operational parameters.

Moreover, a cost optimization model is developed to assess the financial implications
of different combinations of fan settings and loadings, encompassing maintenance
costs, energy consumption, and potential savings. By considering these factors
holistically, utility companies can make well-informed decisions regarding
transformer management and retirement, ultimately leading to substantial cost savings
and improved operational efficiency.

The results of the study demonstrate the effectiveness of the cooling fan group settings
in extending transformer lifespans, increasing the loading and optimizing costs.
Sensitivity analysis is performed to understand the varying impact of input parameters
on model outcomes, providing valuable insights for future research and optimization
efforts.

In conclusion, this thesis contributes significantly to the field of power system
management by providing a practical and data-driven approach to transformer
management. The developed framework ensures the reliability and sustainability of
power systems in Sri Lanka and beyond, thus laying the groundwork for enhanced
operational efficiency and cost-effectiveness in the management of aging transformer.

Keywords: ageing transformers, hotspot temperature, paper insulation, Degree of
Polymerization, fan group settings, mathematical modelling.
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